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(57) Abstract: 

PROBLEM TO BE SOLVED: To produce a building use 
thick steel tube capable of attaining high strength and 
a low yield ratio in each part of the plate thickness 
and furthermore small in deterioration in strength even 
at a high temp, by specifying the elemental compsn. and 
rolling and forming conditions. 

SOLUTION: As the fundamental component elements of 
a steel, C, Si, Mn, Mo, V, sol.AI and N are contained. 
The steel having a prescribed compsn. contg. these 
elements is subjected to hot rolling at 3 30% cumulative 



draft in the temp, range of lower than the 
recrystatlization temp, to higher than the Ar 3 to form a 
steel plate. After that, it is cooled to lower than the 
temp, at which transformation is finished at a cooling 
rate of 5 to 30°C/sec. Next, it is heated to the temp, 
range of a two phase region of higher than the Ac^ to 
lower than the Ac 3 , and working into a tubular shape is 
started from the plate edge part from the temp, range of 
higher than the Ar n and is finished in the plate center 
part. After that, cooling is executed at a rate based on 
a prescribed calculating formula. Then, its 
microstructure is formed into the one essentially 
consisting of ferrite + bainite and composed of 25% 
insular martensite. 
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(57) [Kft] 

[IIS] eSH±*&*tt*««t n - 1 =5: < , «IP#*PI- 

[8?$:^!*] S»%t\ 0:0.05-0.25% , Si :0. 10 -2. 
00% , Mn:0. 5-2.0%, Mo:0.10 -0.60% , V:0.01-0.1 
%, sol.AI :0. 002-0.20% > N:0.001 -0.02% Sr^f 

T^»ET$#3 0%J2LtO&|lf|ffJS£ifeL5 -30"C/ 

cs WTO-tBfli&KflD&U An J2ll±OiS*J£rt> <b 

T, -?-<Of£Pcm£P t Lfcfcfc-t-PTC/s e cfiW>o 
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[HfTftJSi] *£%t-,c:o. 0 5-0. 25%, 
s i : 0. 10-2. 00%, Mn : 0. 5 - 2 . 0 
%, Mo : 0. 10-0. 60%, v: 0. 01-0. 
1 %, sol. a 1 : 0 . 002-0. 2 0 %, n : 

0 . 0 0 1 -0. 0 2 IS RSmiSiKli 
T*oAr3 J3L±OiBLR*Uliv>rS5«aETS|5* r 3 0 96 
J-;Lh<7)*MWE}£ £ifeU 5-30 "C/ sec Oft 

iPisST-^B^T-r * as jar * -wfrai l ti^ic 

L, *<r>WM.* A ci W±T-*oAc3 JiHTOXffi^ttc 
Utn&U An J3.±OfflSi«*»<b*^OtnXSr«SB 

jjW-fBWP c mOtJP t Ltzt § U, Pt/sectl 
±7j»oi 0 0XP* t/se cWTO&STffriDLT, 

;u -r > -9" h 5 % JAT O&llfe I - 1" 4 - t * If it t 

Pcm= [C] + [Si] /30+ [Mn] /20 + 
[Cu] /20+ [Ni] /60 + [Cr] /20 + 
[Mo] /\ 5+ [V] /l 0 + 5X [B] 
{tztzL [ ] (i:&5E5IS<OM%-e«Lfc«K*3F 

to ) 

[W*J12] If%t, C : 0. 0 5 - 0. 2 5 %, 
S i : 0. 10-2. 00%, Mn: 0. 5-2. 0 

%, Mo : o . io-o. 6 o %, v : o . o l - o . 

1 %, sol. A 1 : 0 . 0 0 2 - 0. 2 0 %, N : 
0. 0 0 1 - 0. 0 2%^ttU £<bKI (i) Nb + 
V + Ti#'0. 2 %JJ.Tt&-2>*EfflONb£<fcU f T i <0 
H^<tUl, (ii) Cu, NiiJ-tLKCrO^ 
fc< i: ltt* 0. 0 1-1. 5%, (iii) B : 0. 0 
005-0. 0 0 5 %, is XI/ (iV) C a : 0. 000 
5- 0. 0 0 5 %cO (i) - (iV) <0 ^ *>^-£ < i k 1 
ttSr-&*i-4SitC, BISiiaSWT^Arcs £l±0 
iaSJ«UiJv»TjR»ET* **3 0 %J2Lho*MBIEg*jfc 
L, -torn 5-30 t/ sec ©*fr»aaeTWR*«*T 
1-4fflJSJaTiT-^*PLTiB«HL, -£OiH«tA ci 
BllWoAcs WTO-ffiH^tcSn^L, An J-JLL 
O»*J*j&'fc«tt^<0inX*«*»J: 0H#»U «4>ifc 
SSCTftTLT, -?"OfK, W.T»-jF-ti»<0P cmOtt* 
PtLf:tiC, Pt/se cJJ±*oi OOXP 2 "C 
/s e cWTOjaST'i^iPLT, 5 * n&jS*, 7jl5 

Pcm= [C] + [Si] /30+ [Mn] /20 + 
[Cu] /20+ [Ni] /60+ [Cr] /20 + 
[Mo] /\ 5+ [V] /\ 0 + 5X [B] 
(fcrtfL [ ] li^S*W**%-eSELJt««4r* 

1"o ) 



(2) ffl¥9- 1 6 5 6 2 1 

2 

[0 0 0 1 ] 

[f&WOJR-f 4£#f5HJJ ^fPStiiSS tr^^?»i¥«3l 

% 4 ft: ffl ^ e ixz> mmttx- fr-o *ia c io v » r ssjse 

TO^vM 0-15 OmmeSOJf I^OJl^fflW-^tPi 
[0 0 0 2] 

OI* * S jt L , ft M *DI ( ■= i o T C AS L T ^ 

»uie* Bftitea^o^jaa**^* t % . 
[ooo3] -tj, aisttonsflifk^iitra*, a^ffl 
fi!*au(ii¥«ifto«ifl]u*4 0 ffrta«o»^u(4, 

20 [0 0 0 4] L*»L««UJfeM*»4rJRfflLfc»fi-U 

IC44^, SSftiS-S-ffJiWIt^SSFttOftTA^i:, - 

[0 0 0 5] * indtiCN LT, #BJBB 62-5 

4 0 1 8f fif Cli, 7 5 0 - 4 0 0t:cOA ci WTO 
aSitUWSD&LT, tt^K*SWiffi<$ft 7 5 0-2 

5 0 < C<^lS**^TtlQX1-4 £ t IZ X «) , «1£& 

50 [0006] MtsSffliPa«a<omi?£!t#i4cD-o-r 

?iitv^ 0 #B§¥3 - 8 7 3 1 8^-<&#C(i, 

Acs - 2 5 0"C-Ac3 - 2 OWiEL&m-m&X* 

<nW0tr$z> * * mi £ ii <b«5«taa«uinxs* 

¥3 - 8 7 3 1 7-i§-^T-(±, IPi^^A cs J-J.±H*D^ 
L7tf£K£ffcU Ars -2 5 0t-Ar3 -2 0t:c0 

XS**#-^LT*§5S-rfr£j&««*SftT^4. 
40 (C, 2 l-9^HRt;(i, fllf^Aca - 2 0 

0 r Ja±0>ittKUSn»k L, A c 3 - 2 0 0 t;J-JL±TM# 
4*P»I^L, Acs -2 0 0"C-Ac3 -20 < COiSK 

[0007] $ <bic, a^jtisn^ MW*o«jft*»e>» 
^cisaofii***** «b *ir ^ 15 , 600 x:x-<r>m\-kfcij 

50 So LT, #^¥4 - 1 2 8 
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3 

3 1 5*, - 1 6 8 2 1 8*, #$¥4 - 1 6 
8 2 1 9*, 4f^¥4 -1 7 6 8 2 1*, #M¥4 -2 
2 8 5 2 l^-<0#^ffltC^7K?^-CV^ Mo, 
V, N b^/£frxf!t£ifetJnU Bf^iaJST-M^Sr-^- 
XT, ^OdSKT-^iP t fr -? -fifetftk.^ £ itr v> & 0 

[0 0 0 8] 

2> o fig jft i» <b Sliit II It X * 19 , * fc & K A tc is v » X 
[0 0 0 9] — iaW^Otl-g-C 4, Act JilT<0 

[0 0 10] tfc, »jActttt«0#gi: LT, #BP!¥4 
- 1 2 8 3 1 5*, #HJ¥4 - 1 6 8 2 1 8*, #HH¥ 

4 - 1 6 8 2 1 9*, tftfflW- 4 - 1 7 6 8 2 1*, #Hi? 
¥4 - 2 2 8 5 2 \^<0&<£;mzffl7r,Zi\X^Z> £o 

Mo, V, Nb^<0^7C*^^*DL, 3fg«fiS 

ii. Mo d 4^#Aixi45r?S*t>, i t > 

[ooii] ?f>c, as*»«bai*^o«^uisLr 

jt t * « an** a** l < < , ttzmz ptfmx-tmfe 

i/c »m«j& j esftm*®o*a-i::«\ inertias k 
<t oTirai*s»t •) ^ ttm^^x-mxi 
3r«t * uGLxiti&mikit t%z> tf&mtm < , m cn&s 
xtinxz%wzw&xim5E.e>%LBEZ&ffc-r z> - 1 a s ni 

[0 0 12] *§£Wi±frfr2>mmi-t£*-X%Ztl?zi>V> 
[0 0 13] 
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4 

®Lx±£^mn:mi)im-fz>&mi-&&t->ti', m%£ 

i ur&ptKJt*ita u *>o*iatcj3v>r t aster 
i^ni? ojsjt iz o v » -c km ic#?ft l 

[0 0 14] *#6Wl±COJ:T4r4PJS.U*-cyv»TSfe)ftS 
20 n/c^OT-*^, II lie, ti%t% c: 0. 05- 
0. 25%, S i : 0. 10-2. 0 0%, M n : 0 . 
5 - 2 . 0 %, M o : 0 . 10-0. 6 0 %, v : 0 . 
01-0. 1%, sol. Al : 0. 002-0. 20 
%, N : 0. 0 1- 0. 0 2%£#*-f Sig.fl 
a«JaT>oA rs JjH±oa«*KiiV»TjR*ffiTStsa» 
3 0 %&.±<r>mr$l±}£ZM L, -?-<0f^ 5 - 3 0 X,/ s e 

c oHrajaac-ciEsi^T-t- * iaswi 4 t-j^sp l tib 
»«ujoj»l. An 'm±oaac«*»t,*^ojDi* 

50 «J»»J:iJBBteL, *^*g|S(zr*?-TLT, -?-<7)^, IB 
<0P c mCOlt^rP t Lfct § ic, Pt/s e cttl*^ 
1 0 0XP2 "C/s e cJ^TWjMS-C^iPLT, 5 

7^>^^ b^5 %VXT<F>i!m.\Z-fZ> Z t Zl&WLt-r&fe 

[0015] »2i:, s»%-e, c : o. o 5-0. 2 
5 %, s i : 0 . 10-2. 0 0 %, M n : 0 . 5 - 
2. 0%, Mo : 0. 10-0. 6 0%, v : 0. 01 
40 - 0 . 1 %, s o 1 . a 1 : 0 . 002-0. 20%, 

N : 0. 0 1-0. 0 2 %£-#-*- U Zh\z ( i ) Nb 
+ V + Ti^0. 2%JilTt4'4iEHONb^±LKT i 
«D7*>4>&< ti> IS, (ii) Cu> N i i> «fc t>* C r <75 
^4<ti 18*0. 0 1-1. 5%, (iii) B : 0. 
0 0 0 5- 0. 0 0 5%, teiif (iV) C a : 0. 00 
0 5- 0. 0 0 5%© (i) - (iV) <7H*>4--&<£& 

il«i«t=*v»r jRflETSp^ 3 0 %^±OjftWaS«rlfc 
L, -eo^ 5 - 3 0 X./ s e c OJt*Pi«lST-Sj^^?-7 
50 ■fZfcBt&TiX'ISmLXffimzL, -ecolilS^Aci 
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5 

Wif^Acs «W**-tD«lU An JEl± 

ST>(ct$*T L"C, -e-ofgj, 8|nPcDiO«*PtLfct 
# |C, Pt/sec Jil±*»o 1 0 0 X P2 C/secfl 

tf<osat#ffi * *> o xh 4 o 

[0016] Pcm= [C] + [Si] /30 + [M 
n] /20+ [Cu] /20+ [Ni] /60+ [C 10 
r]/20+ [Mo]/15+ [V]/10 + 5X 

[B] 

-To ) 
[0 0 1 7] 

(9Uft) £«3-7cSs£: LTC, Si, M 

n, Mo, V, s o 1 A 1 , & ± t>* N £ ^ L , JM^ffi 20 
frb LT, (i) Nb, Ti^<tUi, (ii) 
Cu, N i fci^C r <04>&< t II, (iii) B, 
XZf (iV) CaO ( i ) - (iV) < till 

[0 0 1 8] w*LCj*5Wc*OR5eafiS:£JLT^ttW-r 

^*i)tc(±C(iO. 0 5%WS?ab4. Lt^U 0. 2 

**1£*fll&3o C-&**£0. 0 5-0. 

2 5 %<75*EH 

[o o i 9] s i : si ammmt Lxmuaztiz 
*«, o. i o%*»tNi+#fcK»ft*;W»<b*ir, - 

Sr*a<o ZOtztb. S ittl^O. 10-2. 00% 

[0020]Mn: Mn (ifloatfti* i 0-*«B14<0|p|± 
LTjsSstJDSft*^, 0. 5%* 
»"CJi-e-03!b** f /hS<, iTt 2 . 0%*iBx.4i:i&» 40 

0. 5-2. 0 %<7)iEH t-fSo 
[ 0 0 2 1 ] M o : Mo JiHiSMffctC ± 

iri>tti> fusm-ca«» A^ttoie^t: J: 
L, -eo-^ta^o. 1 0%*ifT-l±C:itf>O^**s+ 
&o ifc, 0. 6 0%£&x.-C#aiCv$*OS;ft.££}§£ 
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To Z<7)tztb. Mo^tfr 0. 1 0 - 0. 6 0 96Ofe 

[0022] v : vii2ffc!»*si«LT*ffi5*i**fci 
JtS-fri**, o. 0 l %*«tiif«)Mi , 'J>S <, * 
?t0. 1 %*^x.4t$5l4(B:T(co^^ 0 zntzito, 
V-g-^iSrO. 0 1-0. 1 %<0|gHi:-t4o 

[0023] sol. A 1 : sol.Al itm&Mt 
L X ffi M £ tl Z> i)K 0 . 0 0 2 % *vH X ii +53- * 
^A f #<biX-f, SfcO. 2 0%®J£^v&*nT-^O3&#ri* 

i L < &v>„ Z<T)tztb, sol. A 1 -g-**^ 0. 0 0 
2-0. 2 0 %<0iSHi1-& o 

[0 0 2 4] N: N(±^ffc^£^l£L-C&iS5iJt£|fi] 
_t$tf*3&», 0. 0 0 1 %*WC(4-f-0«b** t /jN$ < > 
itzO. 0 2%*jax4tW1t(iS:TUo4*»« 0 
46, N-i"*fi$r0. 0 0 1 - 0. 0 2 %<7)teH ttZo 

[ 0 0 2 5] VX±.i) t: £*tiLftX*>Z,i)^ JATtc^rTN 
b , Ti, Cu, Ni, Cr, B, fcitfCa Sr3S*?ffi 

[0026] N b , Ti : N b & «fc 1>*T i l± V £ 

£>4 0 L^L, ZtlbNb&XZFT i , & <b Cm-J^EE 
g-tLtitlO^n^VW^tiii 5 , Nb + V+Tit- 

o. 2 o%*j@x.^«t^*^HUi*t, siaicijv^r 

£46, Nb&XlKT i (i, Nb + V + Ti^O. 2 0% 
[0027] Cu, Ni, Cr: Cu, Ni, C r 14 

^^ib, :ftt>^tfliCu, NiiJitfCr^i 
<tiiaSr0. 01-1. 5%{CiSHt1-4o 
[0 0 2 8] C a : Ca li^<E*«>«K*3*#MfcS 

4?i** ? *4^, 0. 0 0 0 5%*iS-Clif<OWff 

•bn-f, 0. 0 0 5 %ejKoi^tn-e^*j±«fe#D L, -Ht 

v> 0 ZOfcft, Ca-&#ft^0. 0 0 0 5- 0. 0 0 5 

[0 0 2 9] B : B(i«*Anit5fc#fJ: 19^14^*: 

*4A f 0 .0 0 0 5 %*iHT"(i-?-coa** s +53»(l#ibn 
-f , SfcO. 0 0 5 %?IjK<0vS*PT--€-O^*(il&ft L, 

*ixx v£&izmixii-z>ztimmm%m>bi&iL< 

iv>. :ofct!), B^tt^O. 0005-0. 005 
%«0$EHt1-4 o 

[0 0 3 0] (J±5i*f^) *#§WHi3v>TIA, ±«<7)J: 
0 ^afiE^^I-^iltZitL, HfS B B a ?S«mT^OA ra 
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[ 0 0 3 1 ] C^T\ BgMSttTt3 0%tt±^ 

L £ <±, EBU iot#IL t W«|-#- 4 
tz£>X$>h 0 

[ 0 0 3 2 ] 4*5, S$g H B aSK(i*^l-ctoT^^^ 
B*i: LTNb*li6*P*T*9 0 OtSft, NbiftiP 
3fVT?9 5 0t8ft"C*4o Sfc* Ars iCffln^ 
fiU<toT^fb*t^^ 7 5 OtJSS^BSci: &4 0 

[0 0 3 3] ^lt> *^T1±&BEiti:5- 3 0 

-Cab4 0 

[0 0 3 4] iMMBKU^Tti* £l±oi 

^i:UEBLfci«*Aci JJit^oAcaWTO 
ziffi^oiastEEiUiD^L. An ja±coift8E*ita*<b 
*#^SnX**J|»J: St*»i:t»7L 
^<7)f&. icOPcm<7)t^Ptl/:^i:, PTC/ 

sec J^±t^o 1 0 0 X P 2 TC/ s e c PXTOMBfVft 

[ 0 0 3 5] fcib\ iit?P cm- [C] + [S i ] / 
30 + [Mn]/20+ [Cu]/20+ [N i ] /6 
0+ [Cr]/20+ [Mo] / l 5+ [V] / I 0 + 
5X [B] (fcrtfL t ] «i*7C«<50**%t?*L^ 
ij&SSr^'to ) "Cafe4 0 

[ 0 0 3 6] :Ct«^Aci fti-C*oAc3 

tz$>xhh 0 

[0 0 3 7] ttz, ^tPt/s e c£Lbi*o 1 0 0 

x p 2 t:/ s e c £iToaact?*aii-* - 1 1 l^o 

4 "Cafe 4 o *fr*PiS£rt t P < C/s e c*Sit?(±a«i<!0 
ffi^ttffl^i&Wtti:* 1 ). 1 0 0 x P 2 "C/ s e c J: 

[ 0 0 3 8] SfeU, OJDXSrBateL, 
fflUCTiDXilFri" 4 - t £ Ltz<Dl* y SnX*tf>»Kf& 



(5) ffl¥9-l 6 5 6 2 1 

8 

ho 

[0 0 3 9] (^naa) ^nait, 7x7^ 
+ "<>f h£xft<b U »«^/Uf">*-f h*5%£l 

4 d i: U J: «9 f£Ff ffcJtft 4 ft 

L<f&T-t4o Z<Dtz#>, ^n£Bjtr, A^;ur> 

^ h£ 1 %iU:t^4C<ka ? »£ Lv^ 0 

[0 0 4 0] *tt'^>jftj&(i, 7'1/X^> 

Rtt (-iPX-f 4 RHc »tt JB v> (b it 4 Srffl ^Ttf ^ - 
<h 4 *<o*S; (iER5i S it 4 t^tlii 

Oj&Pf ffcjfc *3S^1- 4 i <h &X %h<T) HOTFOftm K X 
4 o 

20 [0 0 4 1 ] &fcWLft£ LTC> S U Mn, Mo. 
V. sol. A 1 > fcJtfNSr^U ifcli^ £*>t~ 
(i) Nb. Ti^4<ttl«, (ii) Cu, Ni 
£J:Z/C r 0^fc< HIS, (iii) B, *5 J: XT (iV) 
CaO (i) - (iV) <7)H^^<^US^IKS^ 
tUt*U Cit&«:#*0***U«»|U S&fc 

(; J; o t#So^fM ? 4 C 4 ^ h i; J: 9, 

7& 5 \ *§£WX(±^ i$S&<0^ *>Moi3i:O f V*4vWi 
»WM ^^*P S it4 5cX U J: 4 * § 4@i3Sftoaf> 
is J: VaiB-COHWOJUtfOWIlp ^ J: 4««rt-eoftjX 
aLK<^j^*^>a/MkUJ: 0. «J**faKi3lt4#KOS 
ft* f /hs<, ^o*SftflEtaJ«+4ifc3j«-C*4o 
[0 0 4 2] i/j, ifiBci £l±t*oAc3 AT 

ox*««<oaKiEHiuiniftLr, An £Uio«k* 

^^l : ^coJfjnX^^%1-4-i:(i> *««j3t*fi:T* 

40 t, 4JiO r X»*^OfllXUJ:f)fil»tttt«rajaE-r4ft 
ffl«4o ifc, WftPt/seca±*oi0 0X 
P 2 C/secaT<7)jiSt^9Lt> ^^nfe^?:. 

hz txi&miltlZMfc1rh®%:tf$>ho 

[0 0 4 3] 

[HtfeW BIT, *»WO*#tt«r*ik««cov^r|llW 
i-4o 

50 (HiftWI 1) il U^i-ajKOfBS:. 1 1 5 0 TCUJna 
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4# B8¥9 - 1 6 5 6 2 1 



LTttEffia, 900-800 rosaat-csutJET* 

IT, *W7 OmmOMttirSjtL*:. iiifeOjWRt 

&0. 5Vse cOjSJS-Cf^L^o -cOtioai^ 
OWiDtWt fcOJtD/tlil OtU, * 



70 



* [oo4 4i z(r>£7izi.xm.BLfcmmi'i3^x, m 

PfcffcSS (YS) , UiO^JfiSfiS-COA^^rV* 
[0 0 4 5] 

mi] 



it 





C 


S i 


Mn 


Cu 


N i 


C r 


Mo 




V 


T i 


B 


Sol. Al 


T.X. 


C£ 


Kb+V+Ti 


A 0 1 


a n 


0.30 


1.01 








0. 03 




0.049 


0.007 




0.025 


0. 006 




0. 05S 


A02 


0.17 


D.36 


1. 15 


0. 04 




0. 09 


o.n 


0. 09 


0. 051 


0. 005 


0. 0007 


0. 021 


0. 005 


0. 0007 


0. 146 


AO 3 


an 


D.28 


0.99 


0.03 






0.34 


0.11 


0.053 


0. 004 




0.025 


0. 006 




0. 167 


AO 4 


0.11 


0.27 


1.03 


0.01 


0.02 




0. 48 




0.058 


0.005 




0. 010 


0. 007 


0.0011 


0. 063 


AOS 


0.12 


0.31 


1.01 






0. 06 


0. 51 




0.055 


0. 008 
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